could not be assessed. Unilateral extrapyramidal signs were seen in two cases. Autonomic dysfunction was noted in all patients.
On T2 weighted imaging, decreased signal intensity of the putamen was greater at 1-5 T than 05 T. On the other hand, slit-hyperintensity in the outer margin of the putamen was clear in both 1-5 and 05 T images. This slit-hyperintensity (figure; B,C,D) was found in 17 out of 28 cases of multiple system atrophy, 13 of whom showed extrapyramidal signs. The other four cases with slit-hyperintensity had no extrapyramidal signs, and one case with mild rigidity showed no hyperintensity. Unilateral slit-hyperintensity was seen in five cases. Among them, four cases showed contralateral rigidity, and one case bradykinesia (figure; C). On coronal sections, the slit-hyperintensity surrounded the hypointense putamen and reached to the outer margin of the caudate nucleus. One of 11 cases without slit-hyperintensity (figure A) presented no extrapyramidal signs. No cases of Parkinson's disease showed slithyperintensity in the lateral margin of the putamen.
On T1 weighted MRI, the density of the outer margin of the putamen was decreased in six out of 14 cases with extrapyramidal signs (figure; E). Hyperintensity was also seen in proton density MRI in eight out of nine cases with, and in two out of 13 without extrapyramidal signs ( figure; F) .
The degree of slit-hyperintensity significantly paralleled the severity of bradykinesia (r = 0-8556, p < 0-001) and rigidity (r = 0-8775, p < 0-001) when analysed by the least squares method.'0 The degree of atrophy in the pontocerebellar system correlated significantly with the severity of truncal ataxia(r = 0-8400, p < 0-001), but not with that of bradykinesia or rigidity.
Discussion
The main pathological features of multiple system atrophy are atrophy of the inferior olive, pons, and cerebellum as well as degeneration in the substantia nigra, putamen, and the intermediolateral cell columns and Onuf's nucleus of the spinal cord." Although such involvement can be subclinical in life,'2 pathological features of multiple system atrophy are ultimately found in multiple systems. In our study, diagnostic criteria for multiple system atrophy comprised symptoms or signs in at least two of the cerebellar, extrapyramidal, and autonomic areas. When cerebellar symptoms were not evident clinically, atrophy of the pontocerebellar system in magnetic resonance imaging was accepted as evidence of cerebellar involvement. The pathological changes in the striatum of striatonigral degeneration type multiple system atrophy comprise atrophy, neuronal loss, gliosis, and deposition of lipofuscin.2 This deposition of lipofuscin granules containing iron results in decreased signal intensity on T2 weighted MRI.5-7 The atrophy of the putamen is also usually severe, and this structure is often reduced in size to 30% of that in normal subjects.3 In this study, slit-hyperintensity in the lateral margin of the putamen was often seen in cases with striatonigral degeneration type multiple system atrophy with extrapyramidal signs, and the degree of this hyperintensity paralleled the severity of rigidity. Those patients with hemirigidity showed contralateral slit-hyperintensity. By contrast, no such abnormal hyperintensity was found in the patients with clinically diagnosed Parkinson's disease. These results suggest that this abnormal hyperintensity relates directly to extrapyramidal dysfunction in patients with striatonigral degeneration type multiple system atrophy. The three patients who showed mild slit-hyperintensity but no extrapyramidal signs may have subclinical striatonigral degeneration, and will show these signs at some future date.
The hyperintense lines we have found follow the lateral margin of the putamen, and often reach the head of the caudate nucleus. Hyperintensity on T2 weighted images is generally considered to be due to demyelination, gliosis, or increased extracellular fluid. The increased signal intensity on T2 weighted images in the lateral margin of the putamen is considered to be due to an increase in extracellular fluid caused by severe atrophy of the putamen and enlargement of the space between the putamen and external capsule. The most pronounced involvement of the putamen in striatonigral degeneration is in its posterior dorsolateral part, where severe gliosis may result in increased hyperintensity on proton density images.
In the present cases of multiple system atrophy with extrapyramidal signs, slit-hyperintensity in the outer margin of the putamen is a common sign, which suggests that this change relates to damage to the basal ganglia. This radiological feature is useful for the differential diagnosis between striatonigral degeneration type multiple system atrophy and Parkinson's disease, and for estimating the severity of the striatal lesion in striatonigral degeneration type multiple system atrophy.
